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Abstract 
 
Centrifugal atomisation is a low-cost technology for producing metal powders, but its wide 
applications are hampered by its limited capability of producing fine powders and there is 
insufficient research on the particle size distributions of centrifugally produced powders. This 
paper studies the effects of the atomiser geometry and the key process parameters on the particle 
size distribution of tin powders produced by centrifugal atomisation. The results showed that 
the particle sizes of the as-produced powders follow lognormal distribution. The median 
particle size for all atomisers decreases with increasing atomiser rotation speed and with 
decreasing melt flow rate, due to reduced film thickness of the melt before disintegration. The 
cup atomiser with a wall angle of 67.5 produced the finest powders, because of a significant 
improvement of dynamic wetting between the melt and the atomiser. The particle size 
distributions of all the powder samples have a similar lognormal bell shape with the geometric 
standard deviations between 1.6 and 2.5. Narrow particle size distributions can be achieved by 
reducing the variability of any of the processing parameters affecting the particle size. 
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Introduction 
Centrifugal atomisation has been used for producing metal powders for several decades [1]. Its 
main advantages as an industrial scale technology are low production cost and high productivity 
for producing powders of relatively large particles. Recent applications include uranium fuel 
powders [2, 3] and solder powders [4, 5]. However, centrifugal atomisation is not as widely 
used in industry as the gas and water atomisation techniques, because of its limited capability 
of processing high-melting-point metals and producing fine powders. Several technical 
challenges in the design of centrifugal atomisers need to be overcome [6]. Firstly, a very high 
rotation speed is required to generate centrifugal forces great enough to break up the liquid 
metal into droplets in the desirable size range of 20 – 50 m. This high rotation speed is often 
practically difficult to achieve due to the lack of robust high speed motors free of vibration 
problems. Secondly, the atomiser must be able to withstand the elevated temperature of the 
liquid metal for long periods of time and therefore needs to be water-cooled for most liquid 
metals. From the design and operational point of view, water cooling of a rapidly moving part 
is undesirable. Thirdly, a bulky chamber is required for the solidification of the high-velocity 
liquid metal droplets. Tian et al [7] have recently designed and built a centrifugal atomiser to 
address these issues. They used an externally mounted router motor that was magnetically 
coupled to the atomiser to provide a rotational speed up to 24,000 rpm and used a rotating 
quench bath filled with oil to provide efficient cooling of the liquid droplets. However, further 
technical development and scientific understanding of the centrifugal atomisation process are 
still necessary before it becomes a more competitive metal production process. 
 
Hinze and Milborn [8] studied atomisation of liquids from a rotating cup and identified three 
modes of liquid disintegration: direct droplet formation (DDF), ligament disintegration (LD), 
and film disintegration (FD). In the DDF regime, the droplet sizes of some metals may be 
estimated theoretically from the atomising conditions [9]. The droplet size distributions become 
increasingly poly-disperse as the disintegration mechanism moves to the LD and FD regimes. 
Under the atomisation conditions normally used in the metal powder production, the 
disintegration mechanism is either LD or a combination of DDF, LD and FD [10]. Zhao [11] 
attributed the occurrence of the three atomisation modes to incomplete wetting between the 
liquid metal and the atomiser and developed an analytical model to illustrate the effects of 
process conditions on the transition from one disintegration regime to another. Better 
wettability between the liquid metal and the atomiser leads to a thinner continuous film before 
its disintegration into ligaments and subsequently droplets, and therefore results in finer 
droplets.  
 
Several quantitative models have been developed to calculate the liquid velocity and film 
thickness on centrifugal atomisers [12, 13] and the droplet size formed in the DDF [14], LD 
[15] and FD [16] regimes. These models assume simple atomiser geometries and perfect 
wetting conditions and often require numerical solutions. Although they offer some valuable 
insights into the atomisation process, their applications are limited. This is mainly because the 
flow conditions on a practical centrifugal atomiser are complicated by hydraulic jump [12, 17], 
skull formation [10, 12, 18] and coating material [19, 20]. The particle size distribution of 
centrifugally atomised powders has to be determined experimentally. 
 
The effects of process conditions on the particle size of centrifugal atomised powders are well 
documented in the literature. The particle sizes normally follow a lognormal distribution, and 
lower melt flow rate, higher atomiser rotation speed and larger atomiser diameter result in 
smaller powder particles [10, 21]. Various types of atomisers, including flat discs, vaned 
wheels, inverted bowls and cups, have been used [22]. Although atomisers with complex design 
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and shape offered no significant benefits under certain atomising conditions compared with a 
simple flat disc [23], cup shaped atomisers often produced finer powders than flat discs [5, 10, 
24, 25]. Cup atomisers can improve the wetting between the liquid and the atomiser. They also 
make it easier to obtain a symmetrical feed of melt, especially at high melt flow rates. For many 
applications, cup atomisers are the best choice. However, the research on atomiser design is 
still inadequate and inconclusive, largely because it is difficult to isolate the effect of atomiser 
design from so many other factors that may affect the performance of atomisation. The effect 
of cup designs, e.g., cup wall angle, on the characteristics of the particle size distribution, 
including median and spread, is not fully understood.  
 
This paper carries out an experimental study on the particle size distribution of centrifugally 
atomised tin powders using cup-shaped atomisers with different cup wall slope angles. The 
effects of the key process parameters, i.e., atomiser rotation speed and melt flow rate, on the 
particle size distribution are studied. The spread of the particle size ranges are characterised and 
the key parameter determining the particle size is discussed. 
 
Experimental 
The centrifugal atomisation apparatus and the operational procedures used for the experiments 
was described in detail in the previous paper [10]. The atomisers used in the study were 
cylindrical steel cups with a diameter of 8 cm. Each cup had a flat bottom and a sloped conical 
wall at the circumferential edge. A series of cups with different wall slope angles of 45, 67.5 
and 90, as shown schematically in Fig. 1, were used. They were all pre-tinned in order to 
maximise the wetting with the melt during atomisation. In each experiment, commercially pure 
tin was first melted in a furnace at a temperature of 550 to ensure a high superheat. The melt 
was then poured into a tundish with an exchangeable bottom nozzle. The melt flow rate was 
determined by measuring the mass of the melt in the tundish and the time required for its 
discharge through the nozzle under gravity. The cylindrical nozzles had diameters of 2, 3 and 
4 mm, corresponding to melt flow rates of approximately 65, 150 or 220 kg/h, respectively. The 
melt flowed through the nozzle under gravity onto the centre of the rapidly rotating cup, 
positioned 1 cm below the nozzle, and was broken up by the cup into a horizontal spray of 
droplets. A part of the spray was allowed to fly into a powder collection chamber, which was 
long enough to ensure that the vast majority of the droplets solidified during flight to form solid 
particles. The as-produced powder sample (Fig. 2) was finally collected and subsequently 
analysed by a series of sieves.  
 
Results and Discussion 
Figs. 3-5 show the lognormal plots of the accumulative weight percentage of the particles under 
a specific particle size versus the particle size for the powder samples produced using 45, 67.5 
and 90 atomising cups, respectively, with different atomiser rotation speeds and melt flow 
rates. All the plots are linear in the lognormal scale, with the coefficients of determination R2 > 
0.94.  
 
The results show that the particle sizes of the powders produced by centrifugal atomisation 
using cups follow the lognormal distribution. As flat disc atomisers also produced powders with 
lognormal distributions [10], it is demonstrated that lognormal distribution applies to all 
centrifugally atomised powders, regardless of the atomiser used. A log normal distribution 
results if the variable is the product of a large number of independent variables. This is clearly 
true in centrifugal atomisation, where the particle size is affected by many independent 
variables or processing parameters, including the physical properties and flow rate of the melt, 
the geometry, surface condition and rotation speed of the atomiser. Each of these variables can 
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fluctuate due to changes in the processing conditions, e.g., melt temperature, atomiser vibration 
and other operating variations.   
 
Fig. 6 shows how the median (or geometric mean) particle size of the powder samples produced 
using a flat disc [10] and cups varies with atomiser rotation speed and melt flow rate. The values 
of the median particle size, D50, which corresponds to the accumulative weight percentage of 
50%, were obtained from the fitted lines in Figs. 3-5. Some clear trends can be observed from 
the results. For all atomisers, the median particle size decreases with atomiser rotation speed 
for any given melt flow rate. The median particle size generally increases with melt flow rate, 
but the magnitude of the effect of melt flow rate depends on the atomiser rotation speed. At a 
low rotation speed of 6000 rpm, an increase in melt flow rate results in a significant increase in 
the median particle size. At higher rotation speeds, increasing melt flow rate produces a less 
significant effect on the particle size. For each rotation speed, there seems to be a critical melt 
flow rate below which particle size does not decrease with decreasing flow rate. In other words, 
there exists a minimum particle size achievable for each rotation speed. Overall, the particle 
sizes obtained in the present work are comparable with those reported in the literature for low-
melting-point metals. The median particle sizes in the present work are in the range of 50-250 
m, while those for a tin-lead alloy (61% Sn + 39% Pb) [4], tin-silver-copper alloy (96.5% Sn 
+ 3% Ag + 0.5% Cu) [5] and commercially pure zinc (100% Zn) [25] were in the range of 36-
115 m, 50-150 m and 140-300 m, respectively. 
 
The design of the atomiser can have a considerable effect on the median particle size, as shown 
in Fig. 6. The effect of the angle of the atomising cup wall on particle size of the as-produced 
powder can be examined by comparing Figs. 6(a), (b), (c) and (d). The 45 cup has a similar 
performance as the flat disc. The median particle sizes of the powders produced by the 45 cup 
are similar to those produced by the flat disc, for all the combinations of atomiser rotation speed 
and melt flow rate. The performance of the 90 cup at the low flow rate of 65 kg/h is similar to 
the flat disc and the 45 cup. At the higher flow rate of 220 kg/h, however, the median particle 
sizes of the powder samples produced by the 90 cup are 20% to 30% lower than those produced 
by the flat disc and the 45 cup under the same processing conditions. In comparison, the 67.5 
cup has a far better performance for all conditions, producing powder particles 40% to 60% 
smaller than those produced by the flat disc and the 45 cup. Among the conditions studied in 
this paper, the finest powder was produced by the 67.5 cup at a rotation speed of 12000 rpm, 
having a median particle size of 47 m. 
 
Liu et al [15] developed a numerical model to calculate the droplet size in centrifugal 
atomisation, based on an analysis of the liquid disintegration using the wave theory. They 
showed that the droplet size is directly related to the thickness of the liquid film at the edge of 
the atomiser, predicted by the analytical model developed by Zhao [13]. Mantripragada and 
Sarkar [26] calculated the thickness of the liquid film at the edge of a rotating disc using CFD 
modelling and also showed that the drop size has a linear relation with the liquid film thickness. 
The effects of atomiser rotation speed and melt flow rate on the particle size can be explained 
by their effects on the liquid film thickness. 
 
Fig. 7 correlates the median particle size with the thickness of the tin melt film off the edge of 
the atomiser calculated by Zhao’s model [13]. The physical properties and process parameters 
used in the film thickness calculations were: melt density 6970 kg/m3, viscosity 0.00197 kg/m/s 
[1], atomiser radius 0.04 m, melt flow rates 65, 150 and 220 kg/h (2.610-6, 6.010-6 and 
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8.810-6 m3/s, respectively), atomiser rotation speeds 6000, 9000, 12000 and 15000 rpm (628.3, 
942.5, 1256.6 and 1570.8 radian/s, respectively).  
Fig. 7 shows that there exists a linear relationship between the median particle size and the 
theoretical film thickness. The predicted film thickness decreases with decreasing melt flow 
rate and with increasing atomiser rotation speed [13]. The variations of the median particle size 
with melt flow rate and atomiser rotation speed are therefore follow the same trends. It should 
be pointed out that the measured median particle sizes are greater than the corresponding 
predicted film thicknesses by one to two orders of magnitude. This is because the melt film has 
very likely disintegrated on the atomiser well before reaching the atomiser edge [11] under the 
process conditions studied in this paper.  
 
The effect of atomiser design on particle size cannot be explained by its effect on film thickness 
alone. The thickness of the liquid film at the edge of the atomising cup predicted by the model 
in [13], assuming no premature film disintegration, is not sensitive to cup wall angle under the 
atomisation conditions studied in this work. The predicted film thickness increases only slightly 
with cup wall angle, especially at low (65 kg/h) and medium (150 kg/h) melt flow rates. If the 
melt remains a complete liquid film on the atomiser, the droplet size would be expected to be 
proportional to the thickness of the film at the edge of the atomiser [15, 26] and as such cup 
atomisers with different wall angles would produce similar droplet sizes as a flat disc atomiser. 
The experimental findings made by Ahmed and Youssef [23] supported this argument. They 
studied atomisation of water, which has a good wettability with most solids, and found that 
varying cup wall angle had little effect on the droplet size. 
 
The effect of a cup atomiser on droplet size is likely to result from its effect on the liquid 
disintegration mechanism. A cup shaped atomiser can increase spreading of the melt on the 
atomiser surface, which is especially important for liquids with poor wettability such as metals. 
With a sloped cup wall, the centrifugal force exerts a pressure in the liquid film towards the cup 
wall, promoting dynamic wetting between the melt and the atomiser [6]. This will delay the 
disintegration of the film into ligaments and further breakup into drops [11]. The radius at which 
the uniform melt film on the cup starts to disintegrate into ligaments is very sensitive to cup 
wall angle [11]. In other words, the mechanism by which the liquid disintegrates can change if 
the cup wall slope angle is changed. Reliable data for dynamic wetting angle is not available 
for most liquid metals, because it is extremely sensitive to the physical properties and surface 
conditions of the solid to be wetted as well as to the environment of the measurement. It is 
therefore unrealistic to predict and difficult to measure the disintegration radius. However, the 
link between wettability and disintegration mechanism can provide a useful insight into the 
effect of cup wall angle.  
 
The centrifugal force, F, generated by a rotating cup with a wall angle of , can be resolved 
into a component in the slope direction, Fcos, and a component in the normal direction to the 
cup wall. Fsin . The slope direction component provides a driving force for the ejection of the 
liquid from the atomiser. The normal direction component generates a force pressing the liquid 
towards the cup wall. On a cup with a steep slope or large wall angle (e.g.,   = 67.5), the liquid 
is subjected to a large force towards the cup wall and a small but sufficient force for its ejection. 
The large pressure against the cup wall results in a good spreading of the liquid film and delays 
the disintegration of the film into ligaments. The film thickness at the point of disintegration is 
effectively reduced and, as a consequence, finer droplets are formed. A cylindrical cup with a 
vertical wall ( = 90) can maximise liquid wetting but the liquid experiences no centrifugal 
force in the slope direction. The ejection of the liquid is caused by the internal pressure alone. 
The film thickness at the cup edge can fluctuate and can also be significantly larger than a 
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sloped cup. As a result, a vertical-walled cup often has worse performance than a steep-sloped 
cup, i.e., produces coarser droplets. For a flat disc or a cup with a relatively small wall angle 
(e.g.,   = 45), either there is no force or the force is too small to press the liquid against the 
atomiser. The low-wettability liquid film will break up at a small radius, well before reaching 
the edge of the atomiser. The liquid film thickness at the point of disintegration is still large, 
leading to coarse droplets. The experimental work by Ahmed and Youssef [23] on the slip 
between the liquid and the rotating surface of the atomiser shed some light on the effect of 
liquid spreading from a different perspective. They showed that the effect of cup wall angle on 
liquid slippage depends on the cup diameter and, for the same diameter, cups with small and 
intermediate wall angles have similar or even larger slip ratios than a flat disc, while cups with 
large wall angles generally have reduced slip ratios. Overall, for the atomisation of low-
wettability liquid, there is an optimum wall angle at which the finest droplets can be produced 
due to good liquid spreading and a low liquid film thickness prior to disintegration.  
 
While the median particle size is a key parameter for a powder, the shape and spread of the 
particle size distribution are as important in describing the characteristics of the powder. Table 
1 lists the geometric standard deviation and coefficient of variation (in brackets) data for particle 
size distributions of the powders produced with different atomisers, atomiser rotation speeds 
and melt flow rates. In lognormal distribution, the geometric standard deviation, *, describes 
the dispersion or spread of data and 68% of the data values fall in the range [D50/*, D50·*]. 
* is the ratio between the median particle size, D50, and the particle size corresponding to the 
accumulative weight percentage of 16%, which can be easily obtained from the fitted lines in 
Figs. 3-5. The coefficient of variation (CV), i.e., the ratio of the standard deviation to the 
arithmetic mean, is an alternative measure of spread. In lognormal distribution, it can be 
obtained from the geometric standard deviation by  
𝐶𝑉 = √(𝑒[𝑙𝑛(𝜎∗)]2 − 1) 
 
Geometric standard deviation and coefficient of variation describe the amounts of variability 
relative to the arithmetic and geometric means, respectively. Although the coefficient of 
variation is helpful for data interpretation, the geometric standard deviation provides more 
useful information in terms of the dispersion of the lognormal particle size distribution. 
 
The values of the geometric standard deviation fall between 1.6 and 2.5 (CV 0.5-1.1), with most 
in the range 1.8 – 2.3 (CV 0.7-1). This indicates that the particle size distributions of all the 
powder samples have a similar lognormal bell shape. They are similar to many log-normal 
distributions from various branches of science, where most values of geometric standard 
deviation vary in the range of 1.4 to 3 [27]. The effects of the atomiser rotation speed, melt flow 
rate and cup wall slope angle on the values of geometric standard deviation and coefficient of 
variation are not substantial. However, a combination of a low atomiser rotation speed of 6000 
rpm and a low melt flow rate of 65 kg/h appears to give relatively lower values of geometric 
standard deviation and coefficient of variation, i.e., narrower particle size distributions.  
 
In lognormal distribution, the data are skewed with a long tail towards large values, and the 
greater the geometric standard deviation the longer the tail. This means that centrifugally 
atomised powders always contain considerable amounts of large particles. Assuming D50 = 100 
m and * = 2, for example, 68.3 wt% of the particles would fall in the range 50-200 m and 
95.5 wt% in the range 25-400 m. In other words, nearly 16 wt% of the particles would be 
greater than 200 m and more than 2 wt% greater than 400 m.  
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A small geometric standard deviation is desirable to reduce the dispersion or increase the 
uniformity of the particle size distribution. The multiplicative nature of variation of lognormal 
distribution means that reductions in the variability of any processing parameter that affects the 
particle size can result in significant improvements in particle size uniformity. This provides a 
useful guidance for process optimisation. For instance, the flow rate of the melt may fluctuate 
when it is poured from the tundish onto the atomiser. Reducing the distance between the tundish 
and atomiser may achieve a more steady flow rate and therefore potentially a narrower particle 
size distribution.  
 
Conclusions 
1) The particle sizes of the powders produced in centrifugal atomisation using flat disc and 
cup atomisers follow lognormal distribution.  
2) The median particle size for all atomisers decreases with increasing atomiser rotation 
speed and with decreasing melt flow rate, largely due to the reduced film thickness of 
the melt on the atomiser before disintegration. 
3) The cup atomiser with a wall angle of 67.5 produced the finest powders under the same 
melt flow rate and atomiser rotation speed, mainly because of improved dynamic 
wetting between the melt and the atomiser.  
4) The particle size distributions of all the powder samples have a similar lognormal bell 
shape with the geometric standard deviation values falling between 1.6 and 2.5. A 
combination of a low atomiser rotation speed and a low melt flow rate resulted in 
narrower particle size distributions.  
 
Acknowledgement 
This work was supported by the Engineering and Physical Sciences Research Council (Grant 
No. GR/N23011) and Atomising Systems Ltd. The authors would like to thank Dr. Jiwei Xie 
for assistance with the production of metal powder samples. Data files for the figures in this 
paper may be accessed at http://datacat.liverpool.ac.uk/id/eprint/248. 
  
 8 
References 
 
[1] A. J. Yule and J. J. Dunkley, Atomisation of Melts for Powder Production and Spray 
Deposition, Clarendon Press, Oxford, 1994. 
[2] C. K. Kim, J. M. Park and H. J. Ryu, Nuclear Eng. Tech., 39(2007), 617-626.  
[3] J. M. Park et al, J. Nuclear Mater., 397(2010), 27–30 
[4] O. A. Shemyakina, Z. I. Sheikhalieva and S. M. Sheikhaliev, Russian J. Non-Ferrous 
Metals, 51(2010), 250–254.  
[5] T. Plookphol, S. Wisutmethangoon and S. Gonsrang, Powder Tech., 214(2011) 506–512 
[6] Y. Y. Zhao, Materials & Design, 27(2006), 745-750. 
[7] L. Tian, I. Anderson, T. Riedemann and A. Russell, Powder Tech., 308(2017), 84-93. 
[8] J. O. Hinze and H. Milborn, J. Appl. Mech. - Trans. ASME, 17(1950), 145-153. 
[9] A. R. E. Singer and S.E. Kisakurek, Metal Tech., 3(1976), 565-570. 
[10] J. W. Xie, Y. Y. Zhao and J. J. Dunkley, Powder Metal., 47(2004), 168-172. 
[11] Y.Y. Zhao, Model. Sim. Mater. Sci. Eng., 12(2004), 973-983 
[12] Y. Y. Zhao, M. H. Jacobs and A. L. Dowson, Metal. Mater. Trans. B, 29(1998), 1357-
1369. 
[13] Y.Y. Zhao, Model. Sim. Mater. Sci. Eng., 12(2004), 959-971. 
[14] H. Li and P. Tsakiropoulos, J. Mater. Synth. Process. 5(1997), 117-121. 
[15] J. X. Liu, Q. B. Yu and Q. Qin, Powder Metal., 56(2013), 288-294. 
[16] H. Li and X. Deng, Sci. Tech. Adv. Mater., 8(2007), 264–270. 
[17] Y. Y. Zhao, A. L. Dowson and M. H. Jacobs, Model. Sim. Mater. Sci. Eng., 8(2000), 55-
65. 
[18] K. H. Ho and Y. Y. Zhao, Mater. Sci. Eng. A, 365(2004), 336-340. 
[19] R. Angers, R. Tremblay, L. Desrosiers and D. R. Dube, Canadian Metal. Quarterly, 
35(1996), 291-297. 
[20] M. G. Osborne and I. E. Anderson, in: Advances in Powder Metallurgy & Particulate 
Materials - 1996, ed. by T. M. Cadle & K. S. Narasimhan, Metal Powder Industries 
Federation, Princeton, New Jercy, USA, Vol. 1, 1996, p.221-230. 
[21] R. Dhirhi et al, Appl. Therm. Eng., 107(2016), 898–906 
[22] K.Masters, in: Spray Drying Handbook, Longman Scientific and Technical, John Wiley 
& Sons, New York, 1988, p.298–342. 
[23] M. Ahmed and M. S. Youssef, Chem. Eng. Sci., 107(2014), 149–157. 
[24] S. J. Friedman, F. A. Gluckert and W. R. Marshall, Chem. Eng. Progress, 48(1952), 181-
191. 
[25] P. Sungkhaphaitoon, T. Plookphol and S. Wisutmethangoon, Int. J. Appl. Phys. Math., 
2(2012), 77-82. 
[26] V. T. Mantripragada and S. Sarkar, Chem. Eng. Sci., 158(2017), 227–233 
[27] E. Limpert, W. A. Stahel and M. Abbt, BioScience, 51(2001), 341-352.  
  
 9 
 
Short Biographies of Authors 
 
 
 
Liping Zhang is a Research Associate in the School of 
Engineering, University of Liverpool. She obtained her BEng and 
MSc degrees from Dalian University of Technology and a PhD 
from Birmingham University. She has worked on a number of 
research projects as a postdoctoral research assistant in the 
University of Liverpool since 2000. Her research interests are in 
powder metallurgy and metal matrix syntactic foams.  
 
 
 
 
Yuyuan Zhao is a Professor in Materials Engineering in the 
University of Liverpool. He obtained his BEng and MSc degrees 
from Dalian University of Technology and a DPhil from Oxford 
University. He worked as a Lecturer at Dalian University of 
Technology and a Research Fellow at Birmingham University 
before he joined Liverpool University in 1998. His current research 
interests are in powder metallurgy and the manufacture, 
characterisation and application of porous materials. He was 
awarded the prestigious Ivor Jenkins Medal in 2015 by the Institute 
of Materials, Minerals and Mining for an outstanding contribution 
to powder metallurgy. 
 
  
 10 
 
Table 1  Geometric standard deviation and coefficient of variation (in brackets) data for 
particle size distributions of the powders produced with different atomisers, atomiser rotation 
speeds and melt flow rates  
 
Rotation speed 
(rpm) 
Melt flow rate (kg/h) 
Flat cup#  45 cup  67.5 cup  90 cup 
65 150 220  65 150 220  65 220  65 220 
6000 
1.61 1.72 2.19  1.65 2.16 2.47  1.88 1.96  1.89 1.96 
(0.50) (0.58) (0.92)  (0.53) (0.90) (1.12)  (0.70) (0.76)  (0.71) 0.75 
9000 
1.80 2.06 2.19  2.12 2.32 2.29  - -  - - 
(0.64) (0.83) (0.92)  (0.87) (1.02) (0.99)  - -  - - 
12000 
1.79 1.98 2.14  2.22 2.27 2.24  2.47 2.15  2.27 2.10 
(0.64) (0.77) (0.88)  (0.94) (0.98) (0.96)  (1.13) (0.89)  (0.98) (0.86) 
15000 
2.32 2.02 2.14  - - -  - -  - - 
(1.02) (0.80) (0.89)  - - -  - -  - - 
# Values extracted from the data in [10] 
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Fig. 1 Schematic diagram of the atomising cups. 
 
 
 
 
Fig. 2 SEM photograph of a typical tin powder, produced using the 67.5 cup with a rotation 
speed of 12000 rpm and a melt flow rate of 65 kg/h. 
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Fig. 3 Particle size distributions of the powder samples produced using a 45 cup at different 
rotation speeds for different melt flow rates: (a) 65, (b) 150 and (c) 220 kg/h. 
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Fig. 4 Particle size distributions of the powder samples produced using a 67.5 cup at 
different rotation speeds for different melt flow rates: (a) 65 and (b) 220 kg/h. 
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Fig. 5 Particle size distributions of the powder samples produced using a 90 cup at different 
rotation speeds for different melt flow rates: (a) 65 and (b) 220 kg/h. 
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Fig. 6 Median particle sizes of the powder samples produced at different atomiser rotation 
speeds and melt flow rates using (a) a flat disc [10], (b) a 45 cup, (c) a 67.5 cup and (d) a 
90 cup. 
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Fig. 7 Correlation between median particle size and predicted film thickness at the atomiser 
edge for different atomisers, rotation speeds and melt flow rates. 
 
